A LTHOUGH excessive retention of sodium and water is a striking feature in frank congestive heart failure, little is known about the abnormalities in body fluid and electrolyte metabolism in cardiac patients with severe heart disease prior to the development of obvious peripheral edema. Previous studies in nonedematous cardiac patients have not revealed any impairment in the handling of oral or intravenous sodium loads prior to the appearance of edema.2 3 Therefore, the present study was undertaken to determine whether any abnormality in body fluid and electrolyte metabolism might be present in such patients even though they might appear to handle sodium loads normally. When A portion of the present data was presented at the Thirtieth Scientific Sessions of the American Heart Association, Chicago, Illinois, October 1957 , and appeared in abstract form. ' 
Clinical Material and Methods
Thirty-one ambulatory cardiac patients with severe heart disease but without peripheral edema were included in the study. All had dyspnea on exertion and limitation of physical activity, but none gave a history or had clinical evidence of peripheral edema. All patients had eaten a diet unrestricted in salt and had not received any diuretic agents for at least 2 weeks prior to the performance of these studies. The heart disease was secondary to rheumatic valvular involvement in 14 of the patients, hypertensive disease in seven, atherosclerotic disease in four, and congenital defects in six. One of the patients with atheroselerotic heart disease had an associated isolated adrenal defect in mineralocorticoid production and has been reported in detail elsewhere. 4 Cardiac enlargement was evident in all patients by either electrocardiographic or roentgenographic examination. Twelve of the patients were taking maintenance doses of digitalis during the period of study. The blood urea nitrogen level was within normal limits in all but one patient, who had renal insufficiency secondary to chronic pyelonephritis Measurements of exchangeable sodium (Na24 space, or Nae), exchangeable potassium (1K42 space, or Ke), extracellular fluid volume (S375O4 space, or ECF), serum sodium (NaJ), serum potassium (KJ), and serum osmolality (ser. osm.) were made in all cardiac patients and in normal ambulatory controls (hospital employees) who were matched in age, sex, weight, and body build. The measurements were made according to methods previously reported from this laboratory.5 Tracer doses of radioactive sodium (Na24) and radioactive potassium (K42) were administered orally and following a 22-to 24-hour period of equilibration, determinations of serum and urine specific activities were made to calculate exchangeable sodium and potassium. Duplicate samples were analyzed for Na24 and K42 activity with a welltype sodium iodide and plastic phosphor scintillation counter. The radiosulfate space was measured 20 minutes following the intravenous administration of a tracer dose of radiosulfate. Serum and Key to Abbreviations: RHD, rheumatic heart disease; HCVD, hypertensive cardiovascular disease; ASHD, atherosclerotic heart disease; MI, mitral insufficiency; MS, mitral stenosis; I-IV, functional capacity grading; A-E, therapeutic classification grading. tent were also measured by means of metabolic balance technics during a 7-day control period when dietary sodium intake was maintained at 180 mEq. daily and then during a subsequent 10-day period when dietary sodium was restricted to 9 mEq. daily and chlorothiazide was administered in a daily oral dosage of 1.0 Gm. The dietary intake of sodium was controlled by adding measured amounts of sodium to a 9-mEq. daily sodium intake. The daily net balance of sodium was Circulation, Volume XXIV, October 1961 measured as the difference between the dietary intake and the urinary excretion of sodium. All metabolic studies were carried out on an ambulatory basis. All meals were prepared by the dietary kitchen and none of the patients was hospitalized or advised to restrict his activities.
Venous catheterization of the heart was performed in 23 of the cardiac patients according to previously described methods.2 All catheterization studies were made in the postabsorptive state Table 2 in Cardiac Patients with Elevated Mean Pulmonary "Capillary" Exchangeable potassium showed a slight but significant decrease below control levels in the cardiac patients. No significant changes in Ke were noted when the patients were maintained either on a 180-mEq. sodium intake or a 9-mEq. sodium intake with diuretic administration. Exchangeable potassium did not differ significantly from normal in the congenital cardiac group with normal pulmonary "capillary" pressures.
Metabolic Sodium Balance
In the two patients in whom metabolic balances were performed, exchangeable sodium was elevated above the normal range during The cardiac index in the patients with acquired heart disease averaged 3.0 L./min./M.2 Nine of the 17 patients studied with acquired heart disease had a cardiac index below 2.8, but in the remaining eight patients the cardiac index was in the normal range.
In the group with congenital heart disease, the cardiac index averaged 3.3 L./min./M.2 Two of the six patients had a cardiac index below 2.8 ml./min./M. 2 The right ventricular end-diastolic pressure averaged 5 mm. Hg. In 11 members of this group the right ventricular filling pressure was below 6 mm. Hg.
In the group with congenital heart disease the right ventricular end-diastolic pressure averaged 4 mm. Hg and ranged from 1 to 7 mm. Hg. As in the group with acquired heart disease, none of the patients had increases in filling pressure of greater than 10 mm. Hg, and in five of the patients the end-diastolic pressure was less than 6 mm. Hg.
Right ventricular systolic pressure was elevated above 30 mm. Hg in all patients with either acquired or congenital heart disease.
All the patients studied with acquired heart disease had mild to moderate pulmonary hypertension. In the congenital heart group three patients with pulmonic stenosis had normal pulmonary artery pressures and the remaining three had increases.
The mean pulmonary "capillary" pressure was elevated in all patients with acquired heart disease. In contrast to this group, the mean pulmonary "capillary" pressure was in the normal range in all subjects with congenital heart disease, with a mean of 8 and range of 6 to 10 mm. Hg. The present studies suggest that abnormalities in venous pressure, cardiac output, or glomerular filtration rate need not necessarily precede the observed increase in body salt and water retention and therefore may not play a primary role in the early stages of sodium retention. Decreases in renal plasma flow were found in all the cardiac patients who had increases in exchangeable sodium and extracellular fluid volume and cannot be ruled out as an important initial factor in the renal retention of sodium. It is noteworthy, however, that patients with uncomplicated arterial hypertension who also have decreases in renal plasma flow do not have increases in exchangeable sodium and extracellular fluid volume. Increases in exchangeable sodium and extracellular fluid volume were always accompanied by increases in pulmonary "capillary"' pressure but were absent in the patients with congenital heart disease who were studied, even when the pulmonary artery pressure alone was elevated. These findings suggest that stimulation of pressure sensitive receptors in the pulmonary veins or the left atrium may play a role in initiating changes At this apparently new state of increased body sodium and extracellular fluid volume these patients appear to tolerate high dietary sodium intakes without developing an increase in their cardiac symptoms or in their body sodium and extracellular fluid volumes.
Dietary sodium restriction and diuretic therapy in these persons reduce the body sodium and extracellular fluid volume but not to normal levels.
Increases in pulmonary capillary pressure and decreases in renal plasma flow are the only consistent hemodynamic abnormalities noted in all these nonedematous patients with subclinical salt and water retention.
The findings suggest that a primary stimulus for expansion of extracellular fluid volume and body sodium to a new equilibrium level in congestive heart failure may involve distention of the pulmonary veins or the left atrium.
